Measured turbulence characteristics ͑correlation lengths, spectra, etc.͒ in low-confinement ͑L-mode͒ and high-performance plasmas in the DIII-D tokamak ͓Luxon et al., Proceedings Plasma Physics and Controlled Nuclear Fusion Research 1986 ͑International Atomic Energy Agency, Vienna, 1987͒, Vol. I, p. 159͔ show many similarities with the characteristics determined from turbulence simulations. Radial correlation lengths ⌬r of density fluctuations from L-mode discharges are found to be numerically similar to the ion poloidal gyroradius ,s , or 5-10 times the ion gyroradius s over the radial region 0.2Ͻr/aϽ1.0. Comparison of these correlation lengths to ion temperature gradient gyrokinetic simulations ͑the UCLA-University of Alberta, Canada UCAN code ͓Sydora et al., Plasma Phys. Controlled Fusion 38, A281 ͑1996͔͒ ͒ shows that without zonal flows simulation values of ⌬r are very long, spanning much of the 65 cm minor radius. With zonal flows included, these decrease to near the measured values in both magnitude and radial behavior. In order to determine if ⌬r scaled as ,s or 5-10 times s , an experiment was performed which modified s while keeping other plasma parameters approximately fixed. It was found that the experimental ⌬r did not scale as ,s , which was similar to low-resolution UCAN simulations. Finally, both experimental measurements and gyrokinetic simulations indicate a significant reduction in the radial correlation length from high-performance quiescent double barrier discharges, as compared to normal L-mode, consistent with reduced transport in these high-performance plasmas.
I. INTRODUCTION
The understanding and control of heat and particle transport in fusion plasmas is a problem of long-standing importance and interest. This transport is often larger than predictions based upon collisionality treatments, and the primary suspect is turbulence or instability induced transport. 1 Much progress has been made in this area by many researchers, both theoretical and experimental. Experimentally, there is growing evidence that the ion temperature gradient ͑ITG͒-driven instability and its associated turbulence and transport have an active and important role in core tokamak transport. [2] [3] [4] [5] [6] Other potential sources of core transport include trapped electron modes, short wavelength modes, e.g., electron temperature gradient ͑ETG͒ driven, and magnetic fluctuations. Experimental efforts on these include work on trapped electron modes, 7 short wavelength fluctuations, 8, 9 and internal magnetic fluctuations. 10, 11 In addition to the experimental work, there has been a great deal of theoretical and simulation research. A goal of theory/simulation is to provide a validated predictive capability that allows us to confidently extrapolate to and design next-generation fusion devices. One approach to a predictive capability has been that detailed understanding of the underlying transport is not necessary if we have sufficient knowledge about the magnetic ͑i.e., *͒ scaling of transport, so that existing discharges can be mapped onto dimensionally similar ignition regime discharges. 12 This idea has received significant attention and effort. 13, 14 An alternative approach to a predictive capability is through benchmarked and validated plasma simulations that could then be confidently used to design the next step devices. A major component of benchmarking and testing simulations is the detailed comparison with experimental measurements and such comparisons are a major focus of this paper. The central idea behind this comparison is the implementation of numerical diagnostics that simulate real-world experimental measurements and analysis techniques. Examples include local measurements of density fluctuation wave number and frequency spectra and magnitude ͑e.g., via reflectometry, beam emission spectroscopy͒, chord averaged measures of ñ with a narrow wave number response ͑far-infrared scattering͒, local heat transport, etc. The simulated diagnostics would have similar localization ͑or lack thereof, as in chord averaged measurements͒, wave number and frequency response, detection position within the plasma, as well as similar data analysis techniques, in- 
II. EXPERIMENTAL BACKGROUND
The experiments reported here were carried out on the DIII-D tokamak with the following plasma parameters: major radius 1.67 m, minor radius 0.65 m, vertical elongation ϳ1.8, plasma current 1-1.5 MA, central magnetic field 2.1 T, injected neutral beam power of 0-7.5 MW, and chord averaged density ϳ3ϫ10 19 m Ϫ3 . The plasmas examined here are a sawtooth free-L-mode plasma, a set of approximately matched L-mode discharges where the safety factor ͑q͒ was varied, and finally, a set of high performance quiescent double barrier ͑QDB͒ discharges. More complete details of each plasma condition will be presented as each is discussed.
The turbulence data presented here were obtained from a heterodyne correlation reflectometer ͑see Ref. 17 for a system description and the references therein for the technique͒ which measures the radial correlation length of the density fluctuations. Fluctuation levels and wave number and frequency spectra were also looked at, but here we concentrate on the radial correlation length of the density fluctuations. The correlation length is a statistical quantity which is independent of amplitude, thus avoiding some potential calibration issues and making it an excellent candidate for quantitative comparison. The correlation reflectometer is a dualfrequency tunable system ͑50-75 GHz͒ capable of accessing a large radial region on the midplane of the discharge. The system's capability is enhanced by the ability to choose either O-or X-mode polarization, thus allowing a large range of densities to be accessed. The radial correlation function is determined by fixing one of the two probing frequencies and sweeping the other relative to it. Since frequency maps to radial position, a radial correlation function can be determined as a result of this frequency sweep. A cross-correlation coefficient C(␦r) is calculated from the two signals at the multiple radial separations, thus producing a cross correlation as a function of radial separation ␦r. Here, the crosscorrelation coefficient C(␦r) is defined in the standard way by C(␦r)ϭ͗X(r,t)Y (rϩ␦r,t)͘/͗X(r,t)X(r,t)͘ 1/2 ͗Y (r ϩ␦r,t)Y (rϩ␦r,t)͘ 1/2 where X(t,r), Y (t,rϩ␦r) represent the data time series at the radial positions r and rϩ␦r and the brackets ͗...͘ represent a time average. Sweep periods are typically 50-100 ms, placing a requirement on the stationarity of the plasma. A Gaussian is fit to the envelope of C(␦r) and then the 1/e point of the Gaussian fit is used as the radial correlation length. For consistency, the 1/e point of a Gaussian fit to the numeral simulation C(␦r) ͑discussed below͒ was also used. Radial profiles of the correlation length were built up on a shot-by-shot basis by varying the reflectometer probe frequency.
III. COMPUTATIONAL BACKGROUND: NONLINEAR GYROKINETIC COMPUTER CALCULATIONS OF ITG TURBULENCE
The massively parallel, nonlinear, toroidal, 3D, global gyrokinetic particle-in-cell code UCAN developed at UCLA was utilized for this study. 18 -20 The code uses the standard ͑r,,͒ toroidal coordinates mapped onto a Cartesian ͑x,y,z͒ grid and can cover the whole plasma cross section. The electrostatic approximation is imposed throughout. The nonlinear ␦ f method 21 is applied to solve the gyrokinetic VlasovPoisson system of equations. The equations of motion for the gyrokinetic ions, including an externally imposed electric radial field E r (r) which is a scalar function of non-normalized radius r, are
where ϭ( Ќ 2 /2B), The perturbed part of the distribution function ␦ f is followed through time evolution of the weight wϭ(␦ f / f ) assigned to each gyrokinetic ion, which is expressed as dw dt
͑3͒
for a Maxwellian equilibrium distribution and with E ϭ(Ϫ‫ץ‬ /‫ץ‬R)ϫb . The Poisson's equation solved for the low-frequency gyrokinetic system is De 2 ͑ Ϫ ͒ϭ4͉e͉͑ n i Ϫn e ͒, ͑4͒
where and n i , as before, denote the potential and perturbed ion density averaged over gyrophase angle, the electron Debye length is defined as De 2 ϭ(T e eq /4n e eq e 2 ), and is the electron to ion temperature ratio. When the electron response is taken to be adiabatic, the perturbed electron density is such that n e ϭ(n e eq ͉e͉/T e eq )(Ϫ͗͘), where the angular brackets here refer to a flux surface average. We note that the externally imposed radial electric field is incorporated via marker particle motion and not via a ␦ f or w source term. In addition, the zonal flows 23 generated by the fluctuations themselves are self-consistently included through Eq. ͑4͒ and the equilibrium gradients are free to evolve in space and time.
For the calculations presented in this paper, a circular cross section and zero plasma ␤ were used. Polynomial fits to the experimental profiles for temperatures, densities, safety factor, and radial electric field were utilized to set the initial equilibrium, in addition to the necessary experimentally measured plasma parameters such as magnetic field strength. A fully shaped version, including Shafranov shift effects and trapped electron physics, has been developed, and simulations and comparisons to this code are currently underway. That code uses experimental cross sections, profiles, and parameters, and a Chebyshev polynomial expansion to map the equilibrium data read directly from EFIT 24 output files to the Cartesian grid of the gyrokinetic calculations. 25 The gyrokinetic calculations with circular cross sections involve two basic sets of parameters and profiles: a standard low mode of confinement or L-mode case, 19 and a QDB case. The L-mode and QDB calculations were performed on 
IV. EXPERIMENTAL RESULTS AND COMPARISONS
In this section we present experimental data from an L-mode plasma condition, a set of matched plasmas which scans safety factor q, and a set of high-performance QDB discharges. These data are compared to analytic predictions in the L-mode case and numerical simulations in all three cases.
A. L-mode plasma data and comparisons
It is found that in conventional DIII-D, L-mode, and Ohmic plasmas radial correlation lengths ⌬r generally increase from approximately 0.5 cm at the edge to as much as 3-4 cm at ϳ0.2-0.3. Note that this statement does not hold for the central core of internal transport barrier plasmas and the edge of H-mode plasmas where ⌬r is typically shorter than similar radial locations in L-mode. Here and in the following, is a normalized radial position ͑flux surface coordinate͒ determined from the square root of the normalized toroidal magnetic flux. This L-mode behavior is illustrated using a set of discharges where the effects of sawteeth were avoided by suppressing them via early neutral beam injection. Figure 1͑a͒ and ͑b͒ shows radial profiles of the density and temperatures at the time of interest. For radial positions Ͻ0.9, the plasma parameters of interest for various instability regimes are: normalized plasma collisionality e *ϭ( ei R/r bounce )Ͻ1; ϭT e /T i Ϸ0.5-0.7; and i ϭL n /L Ti у1.5. Here, rϭtokamak minor radius, R ϭtokamak major radius, bounce ϭtrapped electron bounce frequency, and ei is the electron-ion collision frequency. For these data, the plasma is in a regime relevant to the trapped electron mode ͑for Ͻ0.9͒, the collisionless drift wave (0.9ϽϽ1), and the ITG mode (Ͻ1). The reader is referred to Ref. 26 for a discussion of the relevant electron mode regimes and Ref. 27 for a numerical survey of ITG linear stability parameters. Figure 2 shows experimental radial correlation lengths ⌬r obtained from these discharges. The measurements span a large part of the plasma radius, covering the radial locations ϭ0.45-1.0. Also shown are estimates of i , ,i , s , and ,s , which are the ion gyroradius, ion poloidal gyroradius, the ion sound gyroradius ͑i.e., the ion gyroradius calculated using the electron temperature͒, and the ion sound poloidal gyroradius, respectively ͓e.g., s ϭ(
/B Ze , where B and B are the total and poloidal magnetic fields, m i is the ion mass, T e the electron temperature, k B is Boltzmann's constant, Z the charge state, and e the electron charge͔. Note that i and s are approximately equal except near the separatrix, where T i ϳ2T e . These gyroradii values are significant as they enter into the theoretical predictions of the radial correlation lengths ͑they are generally related to the mode width of the instability͒. The gyroradii are calculated using electron cyclotron emission and Thomson scattering measurements of T e , charge exchange recombination measurements of T i , with the magnetic field from magnetic probes and the equilibrium fitting routine EFIT. It is observed that the measured ⌬r are 5-10 times larger than either s or i but are of the order of the poloidal gyroradii ,i or ,s . Note that many simulations indicate a radial correlation length in the numerical range ⌬rϷ5 -10 s 20,28 -30 as observed here. These experimental observations are typical of DIII-D L-mode conditions. That is, while numerical values may differ, the general behavior of increasing values towards the center, and a magnitude of order ,s or 5-10 s is generally observed. The indeterminacy of scaling with ,s or s is an interesting and important question which will be addressed below.
Next these L-mode correlation lengths are compared to various relevant analytic predictions. Figure 3 shows a comparison to analytical predictions of ⌬r for the following: 32, 33 and ⌬r(neoclassical ITG)ϭ ,s (1 ϩ i ) 1/2 . 34 The parameters used in these formulas are i ϭd ln(T i )/d ln(n i ), ŝ ϭd ln(q)/d ln(r) the magnetic shear parameter, L s ϭRq/ŝ the magnetic shear length, T i is the ion temperature, n i the ion density ͑the electron density n e is used for this study͒, L n Ϫ1 ϭd ln(n e )/dr the density profile scale length, q the magnetic safety factor, r the minor radius, R the major radius, and ϭT e /T i . All of the above analytical ITG estimates predict a general increase in ⌬r with decreasing radius similar to the experimental measurements. However, only the slab ITG estimate 32 and the neoclassical ITG 34 are numerically close ͑note that the neoclassical ITG is likely relevant only near the edge Ͼ0.9 where the collisionality is higher͒. Figure 4 shows a comparison of the data to the predictions of electron drift wave turbulence. There is a general increase with decreasing radius in a manner similar to both the ITG predictions and the experimental data. Shown in Fig.  4 is the effective mode width
s , which is generally assumed to be the ''mixing length'' for slab-like electron drift wave turbulence. 35 The x t do not agree very well with the experimental values of ⌬r either in magnitude or radial dependence. On the other hand, the experimental values of ⌬r are similar to
s , where x i is the inverse width of the turbulent drift wave number spectrum. 35 Comparisons have also been made to theoretical correlation lengths that have been termed ''mesoscale,'' that is intermediate between the scale size of the machine and that of the microturbulence. 30, 36, 37 These scales can arise in the linear stage of turbulence development or due to the constructive interference of many micromodes. 36 Such scalings could give Bohm-type diffusion as well as explain the increase of the thermal diffusivity with radius. 38 This comparison is shown in Figs. 5͑a͒ and 5͑b͒. It is seen that the experimental data are similar to the predictions of a mesoscale type ⌬rϷ( i L Ti /ŝ ) 1/2 ͑Ref. 30͒ shown in Fig. 5͑b͒ and are quite different from the other predictions shown in Fig. 5 . In Fig.  5͑b͒ , the mesoscale prediction ⌬rϷ( i L Ti ) 1/2 clearly does not agree with the data, indicating that it is the dependence of ⌬rϷ( i L Ti /ŝ ) 1/2 on ŝ that provides agreement. Although there is numerical agreement between ⌬r expt and the mesoscale prediction ⌬rϷ( i L Ti /ŝ ) 1/2 , it is currently thought that a linear scaling of ⌬r expt with s is more consistent with the data. 39 It is interesting to note that even the analytical predic- tions that do not agree with experiment can be brought into agreement by the use of an undetermined numerical multiplier on ⌬r. One interpretation of the closeness in magnitude and radial behavior of these quite different instability predictions is that the plasma system is able to support the normal modes related to these instabilities ͑e.g., electron drift wave and ion temperature gradient instabilities͒. Based upon these results alone, it is difficult to distinguish between instability types. This is at least partially due to the fact that, in general, analytic models are not meant to describe all of the physics and instabilities involved but rather focus on a limited number of physical processes both to keep the problem tractable and to better elucidate the physics in question. On the other hand, direct numerical simulations of plasma turbulence contain more of the physics thought to be present in a real tokamak plasma system and are able to simultaneously investigate these multiple physics effects and instability types. We turn next to comparisons between experiment and direct numerical simulations.
Two different numerical runs are shown in Fig. 6 , one without zonal or self-generated flows and one with these flows. Zonal flows are sheared EϫB flows generated by the turbulence which have a mode structure mϭnϭ0 and radial wave number k r 0. 23 The plasma parameters used in the simulation are taken from the experimental profiles of the discharges shown in Fig. 1 . Without the zonal flows the ⌬r are very long, spanning a good portion of the approximately 65 cm minor radius. With zonal flows the numerically determined lengths drop to near the measured ⌬r in magnitude and radial behavior. This reduction in radial correlation length with the inclusion of zonal flow has also been observed with other numerical simulations 40 but has not been compared before to experimental measurements. It was also found that the core fluctuation levels ͑0.1%-1%͒ and the wave number and frequency spectral shapes predicted by the UCAN simulation ͑with zonal flows on͒ are similar to the experimental values generally observed. The zonal flows clearly change the turbulence characteristics and are necessary for agreement with experiment.
B. Tests of ⌬r scaling with versus s and simulation comparisons
The uncertainty between the two scalings ͑ ,s or 5-10 s ͒ was intriguing since it pointed to a possible trapped particle effect via ,s . Also several analytic theories have a ,s dependence, 34, 37 thus motivating investigation. Previous work at DIII-D found that the radial correlation length scaled with the local gyroradius and that the resulting turbulent diffusivity scaled between Bohm and gyro-Bohm but was closer to gyro-Bohm. 39 This was a very interesting and important result, indicating that the turbulent transport did not depend strongly upon the size of the machine. That experiment was carried out by varying at constant q so that a dependence upon ,s would not be evident.
An experiment was designed and performed to investigate a possible scaling of ⌬r with ,s and to break this indeterminacy. The plasma current was varied from ϳ0.8 to 1.6 MA to provide as large as possible variation in B and ,s . Normal sawtoothing type L-mode discharges were utilized for this experiment. The parameters T e , T i , and n e were kept approximately fixed by adjusting the neutral beam power and gas fueling. Fairly good matches between the two conditions were achieved as seen for example in the wellmatched s ͓Fig. 7͑a͔͒. Radial correlation lengths were obtained over the radial region ϭ0.3-0.7 and are shown in Fig. 7͑a͒ . The ion gyroradius s and poloidal gyroradius ,s ͑both evaluated using TϭT e ͒ are also shown, indicating the good match in T e as well as the variation in B . As can be seen, the radial correlation lengths did not vary strongly with B , indicating that the scaling found previously was indeed with B and i .
Prior to the experiment UCAN simulations were performed to determine what the code would predict for the ⌬r variation with safety factor q. Since the experiment had not been run at that point in time ͑and since we wanted only an idea of what the code would predict͒, the L-mode conditions of the previous section were taken and the q value was varied by a factor of 4. The results of these runs are shown in Fig.  7͑b͒ , which shows calculated correlation lengths along with the values. These numerical runs were performed with shorter time samples than normally used, thus resulting in larger than normal variation in ⌬r. Although there is a good deal of scatter in the simulation ⌬r, it is seen that there is no clear variation with similar to what was found in the experiment. A second method of q variation was used in the code which involved varying q via a change in major radius R ͑through the circular cross-section relation qϭrB z /RB ͒. Some weak evidence of variation in ⌬r was observed in that case, presumably due to the major radius variation. This effect will be numerically tested more fully in the future.
C. High-performance quiescent double barrier "QDB… discharge and numerical comparisons
A set of high-performance QDB plasmas was also investigated. QDB plasmas are high-performance plasmas characterized by transport barriers in both the edge and core. [41] [42] [43] Figure 8 shows representative density and temperature profiles from the time of interest in these shots. The plasmas are produced in low-density, pumped divertor configurations with the plasma current counter to the direction of neutral beam injection. Early high-power neutral beams produce an ELMing H-mode which then transitions to an ELM-free condition. The early beams also produce a separate internal core transport barrier. As compared to standard L-mode discharges, QDB plasmas show a substantial reduction in core electron and ion thermal diffusivities. 42, 43 It is interesting to note that the QDB ion thermal diffusivity, while significantly reduced at the edge and in the deep core, possesses a local maximum in the same region as a local flat spot in the radial electric field profile. These results are thought to be consistent with EϫB velocity shear decorrelation of turbulence and resulting reduced transport. Figure 9 compares radial correlation lengths ⌬r, s , and ,s from an L-mode discharge ͓Fig. 9͑a͔͒ to data from this set of QDB plasmas over a similar radial range. The L-mode data show the typical slow increase in ⌬r with decreasing radius with the ⌬r magnitude in the range 5-10 s . The QDB radial correlation lengths are observed to be below the 19 m Ϫ3 and ͑b͒ simulated ⌬r for slightly different L-mode conditions ͑since these numerical runs were conducted before the experiment the conditions were taken from those in Fig. 1͒ whose safety factor q varies by factor of 4. Note that these numerical runs were performed with shorter time samples than normally used, thus resulting in larger than normal variation in ⌬r. values normally seen in L mode, but are still larger than s . This departure from the normal L-mode-type scaling occurs most clearly for the radial range ϭ0.2-0.5. This radial range is the region of improved plasma confinement as evidenced by the steepened density and temperature profiles ͑Fig. 8͒, or the reduced thermal diffusivities shown in Fig.  8͑a͒ inset. Since the radial correlation length is often related to the step length of the plasma transport, this decrease in ⌬r is consistent with a local decrease in transport levels.
Numerical simulations of the QDB run were performed with the UCAN code using a circular cross section and using the experimentally measured ion temperature, electron density, q, and radial electric field profiles. The correlation lengths obtained from the code are shown in Fig. 9͑c͒ and appear similar to the experimental data in both magnitude and radial behavior in the plasma core (0.1рр0.5). Large self-induced flows were generated in the simulation, of order of the experimental background E r ϫB flows ͑as much as 20 km/s compared to experimental 30 km/s͒. These QDB discharges have weak central magnetic shear. 42, 43 The effect of this weak magnetic shear on ⌬r was tested in the simulation by running the code with the experimental q profile and with a monotonic q profile. Comparison of these two simulation cases showed no significant variation in the simulation results ͑e.g., radial correlation length, total fluctuation energy͒. On the other hand, without the zonal flows the simulated QDB correlation lengths were very long, while with zonal flows the ⌬r were short, consistent with a picture of zonal flow and EϫB velocity shear-induced reduction of correlation length. Additionally, the simulation poloidal wave number spectra show a less peaked and much broader spectrum than the L-mode simulation, a further indication of the differences between simulated L-mode and QDB discharges.
V. SUMMARY AND CONCLUSION
In summary, correlation lengths for DIII-D L-mode plasmas are observed to increase from approximately 1 cm at the edge to as much as 4 cm in the deep core plasma. The measured ⌬r are found to be significantly larger than s by a factor of 5 to 10. The observed trend of increasing ⌬r with decreasing radius is similar to the trends predicted by most of the analytical estimates examined here. In magnitude and radial behavior, the core ⌬r (Ͻ0.9) are comparable ͑i.e., within error bars͒ with slab ITG 32 and electron drift wave 35 turbulence predictions. Note that these are quite different instabilities. The measured ⌬r are similar to at least one prediction of mesoscale 30 like ⌬r. The fact that the analytical predictions are similar to the measurements is interesting and likely indicates that the plasma can support multiple instability types. However, one cannot differentiate between these modes based upon this comparison alone.
Numerical simulations show that inclusion of selfinduced flows is required for agreement with experimental ⌬r. Experimental ⌬r from QDB discharges are significantly reduced compared to L mode with simulations showing similar reductions. The effect of weakly reversed central magnetic shear was found to be small in the simulation. In contrast, in the simulation the reduced ⌬r were consistent with zonal flow and EϫB velocity shear decorrelation of the turbulence. Numerical simulations of QDB data with full shaping and trapped electron dynamics are currently underway. The comparisons to these fully shaped simulations are an important next step in the testing and benchmarking process. Preliminary results with shaping, but without trapped electrons or zonal flows, show very long correlation lengths similar to the circular simulations without zonal flows.
Experiments were performed to determine if ⌬r scaled with s or ,s . These experiments showed that ⌬r was relatively insensitive to B , indicating that previous scaling results of ⌬rϰ i ͑which were performed at constant safety FIG. 9 . ͑a͒ Measured L-mode correlation lengths, I p ϭ600 kA, B(0) ϭ1.9 T, chord averaged density n e ϭ2.3ϫ10
19 m Ϫ3 ; ͑b͒ measured QDB correlation lengths from the QDB discharge shown in Fig. 8 ; and ͑c͒ UCAN simulation correlation lengths also for the QDB in Fig. 8. factor q so that the ratio B /B was constant͒ were correct and were not due to a hidden dependence on B . Numerical simulations also showed no dependence of ⌬r on B , although a slight dependence on major radius R was observed. This latter result will be investigated further in the future. Other future work includes extending these comparisons to internal heat flux profiles, possibly particle flux profiles ͑via oscillating gas puff or similar methods͒, and to other fluctuation diagnostics including beam emission spectroscopy, phase contrast imaging, etc. Specific experimental and numerical investigations include the effect of trapped particle fraction on transport and turbulence, the role of T i /T e , and the already-mentioned major radius scaling of simulation ⌬r. Additionally, the difference between slab ITG correlation length 32 ⌬r ITG and electron drift wave 35 ⌬r DW , which can be characterized by the ratio ⌬r ITG /⌬r DW Ϸ(L n /L s ) 1/2 (T i /T e )(1ϩ i ) 1/2 , could be examined in an experiment which varied the ratio (T i /T e ) while keeping other variables constant.
The comparisons to theory and simulation presented here are at the beginning of the process of testing and benchmarking. The fact that the measurements are not vastly different from theory and simulation and are indeed quite similar in many respects is encouraging. However, much work remains before definitive conclusions can be made. A continuation and expansion of these comparisons to other turbulence measurements, diagnostics, and different simulations is currently underway with the ultimate goal of identifying the types of turbulence involved as well as improved understanding and predictive capabilities. 
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